T he scientific literature is awash with recent calls for behavioral research, and particularly behavioral ecology, to play a greater role in conservation research and practice (e.g., Anthony and Blumstein 2000) and with volumes of examples to demonstrate how it can (e.g., Caro 1998, FestaBianchet and Apollonio 2003). However, research in behavioral ecology diverges markedly from conservation biology in its philosophical perspective and its approach to the study of behavior. Although recent volumes are well-intentioned and a considerable advance on what has gone before, they nevertheless demonstrate that, even when behavioral ecology is applied to conservation, the difference in perspective and approach persists as a mismatch between conservation needs and research practice in behavioral ecology. The mismatch is typified by two problems: First, research in behavioral ecology shows a singular interest in investigations of adaptive value, although conservation biology's demands of behavioral ecology are pluralistic; and second, conservation biology appears to have been slow to advance beyond simple behavioral description to behavioral problem solving.
T he scientific literature is awash with recent calls for behavioral research, and particularly behavioral ecology, to play a greater role in conservation research and practice (e.g., Anthony and Blumstein 2000) and with volumes of examples to demonstrate how it can (e.g., Caro 1998, FestaBianchet and Apollonio 2003) . However, research in behavioral ecology diverges markedly from conservation biology in its philosophical perspective and its approach to the study of behavior. Although recent volumes are well-intentioned and a considerable advance on what has gone before, they nevertheless demonstrate that, even when behavioral ecology is applied to conservation, the difference in perspective and approach persists as a mismatch between conservation needs and research practice in behavioral ecology. The mismatch is typified by two problems: First, research in behavioral ecology shows a singular interest in investigations of adaptive value, although conservation biology's demands of behavioral ecology are pluralistic; and second, conservation biology appears to have been slow to advance beyond simple behavioral description to behavioral problem solving.
In this article, my aim is not to make yet another plea for contributions by behavioral ecologists to conservation biology, because that ground is now well traveled. Rather, using a literature survey, I describe the mismatch between the two disciplines, discuss the resulting limitations on the utility of behavioral ecology in conservation biology, and suggest that addressing this mismatch is the key to advancing the important role of behavioral ecology in conservation biology. I propose a solution based on a renewed appreciation of Niko Tinbergen's (1963) approach to the study of behavior in behavioral ecology and on the application of this approach as a guide to behavioral problem solving in conservation biology. Thus, I make a case for pluralism in behavioral ecology. Tinbergen's (1963) categorization of research questions is a founding and still influential paradigm in modern animal behavior research. Tinbergen distinguished descriptive studies from those that go a step further and investigate why behavior occurs. In the latter category of studies he recognized four types of questions: behavioral causation, ontogeny, survival value, and evolution. I prefer the terms causative mechanism for causation, adaptive value for survival value, and phylogeny for evolution, because they are more descriptive of modern usage.
Tinbergen's questions
Causative mechanisms are the immediate physiological (e.g., endocrine, neurological) processes that are the internal antecedents or mediators of behavior. For example, Rasmussen and Krishnamurthy (2000) describe the relationships between behavior, chemical cues, and reproductive state in elephants. Ontogeny is the development of behavior and interindividual relationships with maturity or experience; Forum it may include studies of behavioral facilitation (e.g., enrichment) and the role of experience and learning in the expression of behavior. For example, Zhang and colleagues (2000) studied how maternal care in a giant panda could be facilitated by artificial infant-related stimuli.
Adaptation by selection is only one of many possible routes of evolution (see Dover 2001) . Thus, it is important to distinguish clearly between works that investigate the adaptive value of behavior and those that investigate its evolution. The evolution of behavior is studied by using modern comparative phylogenetic analyses and is usually referred to as behavioral phylogeny. A good example of this sort of work is the study by Brashares and colleagues (2000) in which a hypothesis about the evolutionary origins of interspecific variation in antelope sociality was tested using phylogenetic contrasts. Research on the adaptive value of behavior, by contrast, is characterized by investigations of how behavioral phenotypes vary relative to a fitness parameter. For example, Handel and Gill (2000) investigated the influence of mate fidelity on reproductive success in sandpipers, testing whether the frequency and occurrence of a behavior (mate fidelity) met their expectations of fitness optimization (reproductive success).
In later years, many authors classified Tinbergen's (1963) four categories of questions into proximate-ultimate and applied-basic research dichotomies, such as Sherman's (1988) "levels of analysis." The level-of-analysis approach separates behavioral study into immediate (or proximate) and evolutionary (or ultimate) processes. Causative mechanism and ontogeny are regarded as proximate processes, whereas adaptive value and phylogeny are regarded as ultimate processes.
Behavioral ecologists have historically focused on basic research and on the ultimate rather than the proximate level of analysis, although disagreement about the merits of the latter division in behavioral ecology remains unresolved (e.g., Armstrong 1991) . Conservation biologists have focused largely on applied questions, although the usefulness of the basic-applied dichotomy in conservation biology is also the subject of some debate (Linklater 2003) .
Unfortunately, these dichotomies have tended to formalize biases in the field of behavioral ecology, resulting in one level of analysis or type of research being more valued than another (i.e., ultimate over proximate causation [Dewsbury 1994] and basic over applied research). In contrast, Tinbergen's scheme was not hierarchical, and he emphasized that all the categories of behavioral questions provide complementary understandings of behavior. Questions posed from any single category might overlook complementary knowledge, alternative hypotheses, and pluralistic explanations drawn from all of Tinbergen's types of behavioral investigation. Thus, I have persisted with Tinbergen's original scheme, without added hierarchies, in the following survey.
Literature survey
I investigated the historical trend in the contribution of behavioral research to conservation biology, using the National Information Services Corporation's Wildlife and Ecology Studies Worldwide index to the literature (on BiblioLine; fact sheet available at www.nisc.com/). This international database includes references to books, dissertations, theses, reports from governments and nongovernmental organizations, Web-based resources, professional society newsletters, and peer-reviewed articles from scientific journals. I searched the index for references containing the word conservation and plotted the number for each year from 1965 to 2002 to reveal the trend in the size of the conservation literature. To describe the relative contribution of behavioral study to the contemporary conservation literature, I searched this sample of the conservation literature for references that also contained the word behavior (or behaviour) and recorded the number of these references as a proportion of the conservation literature for each year surveyed (figure 1).
To discern where behavioral study is currently applied most and to describe how it is applied, I imported the conservation literature with a behavioral component for the previous 5 years (1998) (1999) (2000) (2001) (2002) from the above survey into the bibliographic database management software EndNote, version 4.0 (ISI Research Soft 2000a) . From each year, I randomly sampled references and categorized them as coming from sources that focus on taxonomy (e.g., American Journal of Primatology), conservation (e.g., Conservation Biology), wildlife (e.g., Biodiversity and Conservation, Biological Conservation, Conservation Biology, Environmental Conservation, Journal of Insect Conservation, Oryx, Zoo Biology) . In selecting conservation biology journals, I took care to incorporate research on animals in both captive and wild contexts, because endangered species research is often undertaken in captivity. Incorporating captive work also facilitates comparison with the general behavioral research literature, since it too is conducted in both field and laboratory contexts. Behavioral ecology journals were identified as those that focus on the ecological implications of behavior for individuals and populations. Journals in behavioral science were selected to represent behavioral research that variously focuses on different types of proximate behavioral processes. Journals were also selected because they had an organismic focus, were international (not regional), and were the largest or had the highest impact factors in their fields (ISI ResearchSoft 2000b) .
The 20 journals were surveyed for scientific articles using the Biological Abstracts database, hosted by Ovid (www.ovid.com, June-July 2003; see field guide at http:// gateway2.ovid.com/fldguide/biosis.htm), which covered 7000 serials. The articles that were found were imported into EndNote (ISI ResearchSoft 2000a). Articles from conservation journals were screened for a behavioral component by limiting the searches to articles with the word behavior (or behaviour) in their titles, keywords, or abstracts; this process generated a sample of 224 articles. Articles from the behavioral ecology and behavioral science journals were sampled by randomly selecting 20 articles from each journal for each publication year. Sixty articles (3 x 20 per year) from each journal constituted a relatively large sample of the total number published from 2000 to 2002 (360 of 1867 behavioral ecology articles and 300 of 1775 behavioral science articles). The titles and abstracts of the selected articles from conservation biology, behavioral ecology, and behavioral science journals were read and categorized as methodological, as descriptive, or as belonging to one of Tinbergen's four categories of research questions. The results from each journal were pooled into their respective disciplines and compared (figure 3). Finally, all articles from behavioral ecology and behavioral science journals from 2000 to 2002 were searched for the word conservation within EndNote to determine what proportion of articles discussed their results in the context of conservation. Some comment is required on how articles on adaptive value were categorized, for two reasons. First, it was common for many articles in the behavioral ecology and behavioral science literature to discuss the adaptive value (or "function") of behavior, although they did not describe work in which fitness, or proxies for fitness, were measured. Second, questions of adaptive value were not always overtly tested by studies in the Forum conservation literature, although many measured fitness (e.g., survival and fecundity). Questions of causative mechanism and ontogeny, however, were clearly addressed. In this study, articles that speculated about the adaptive value or the function of behavior, but did not measure the fitness consequences of that behavior, were not defined as investigations of adaptive value but rather as descriptive studies. On the other hand, articles that included measures of variation in the behavior of individual animals (e.g., habitat use, dispersal) and measures of fitness, defined as population or individual success (e.g., recolonization, reproduction, survival), constitute a separate category from purely descriptive studies in the conservation literature, even if these measures were not used to make inferences about adaptation. Such articles could originate secondarily from studies designed to investigate questions about the adaptive value of behavior and, accordingly, were defined in terms of such questions, whether or not they raised them explicitly. I include a caveat about the merits of comparing disciplines by surveying their journals. Although journals constitute the state of the science, they inevitably also reflect editorial interests and do not represent research that is published in other forms. I coped with the former problem by surveying several leading journals from each discipline that, I think, reflect a considerable diversity in emphasis and editorial opinion within the discipline. The latter problem is more difficult to treat, since other forms of literature are less accessible and are not necessarily comparable. Thus, the journal survey described here must be considered as definitive only in terms of how each discipline is represented by its leading journals.
Trends and comparisons
The foundation for behavioral ecology's incredible potential to contribute in conservation has been established by recent dramatic gains in the presence of behavioral study in conservation research. However, its contribution so far appears to be limited by the absence of an intellectual common ground between behavioral ecologists and conservation biologists. In the following sections I describe the former trend and symptoms of the latter problem.
The growth of behavioral study in conservation. The wildlife conservation literature burgeoned in the last quarter of the 20th century (figure 1). This was due in part to a dramatic increase in wildlife literature as a whole. The Wildlife and Ecology Studies Worldwide index, which included an average of only 6314 items per year from 1965 to 1974, grew to include 18,500 items per year from 1991 to 2000. Nevertheless, the proportion of that literature focusing on conservation also increased dramatically. The component of the wildlife literature that included references to conservation increased from 3 percent or less each year before 1980 to more than 15 percent per year in the first years of the 21st century. Within the background trend in the relative size of the conservation literature was a parallel trend in the field of conservation toward greater interest in behavioral study. References to wildlife behavior are now a common part of conservation studies, with almost a fifth of the records of these studies in recent years referring to behavior (figure 1).
Where the research is published-and not published. Behavioral research in conservation is published widely, except by behavior journals. Not surprisingly, work published in the conservation-and taxon-focused literature was the most likely to incorporate behavioral study in conservation research (figure 2). The literature on wildlife, ecology, and zoology also incorporated behavioral study, but to a lesser extent. By comparison, behavior journals contributed very few articles that consider conservation (figure 2). Thus, although the role of behavioral research appears to have grown in the conservation literature, the growing interest in conservation by behavioral ecologists is not yet reflected in the primary behavioral literature. Indeed, only 11 of the 1867 articles published from 2000 to 2002 in the behavioral ecology journals, and 4 of the 1775 articles in behavioral science journals, referred to conservation.
Descriptive studies and their limitations. Behavioral investigation in conservation rarely advances beyond description. Fifty percent of the articles (n = 262) in conservation biology journals that incorporated behavioral study only described Forum behavior, compared with 14 percent (n = 642) and 27 percent (n = 495) in behavioral ecology journals and behavioral science journals, respectively. A small percentage of the articles could not be categorized (conservation biology, 4.3 percent; behavioral ecology, 4.4 percent; behavioral science, 3.4 percent) or were methodological (conservation biology, 3.3 percent; behavioral ecology, 3.3 percent; behavioral science, 4.0 percent). Less than half (42 percent) of the behavioral studies in the conservation journals presented deeper investigations of behavior in any of Tinbergen's four categories of research question, whereas such advanced investigations were typical of the majority of articles in the literature on behavior (behavioral ecology, 78 percent; behavioral science, 66 percent). This pattern is not confined to conservation journals but is a feature of behavioral study in conservation regardless of where it is published. Few manuscripts in any of the disciplines that published conservation research advanced from behavioral description into investigations of behavioral processes, development, fitness, or phylogeny (figure 2). Only 17 percent of the conservation articles in the taxon-focused literature, and 21 percent in the conservation-focused literature, could be classified into one of Tinbergen's four categories of research question. Zoology journals were the most likely to contain advanced behavioral studies in conservation (40 percent), although their overall contribution to behavioral research in conservation was small (10 percent; figure 2). Thus, behavioral investigation is relatively underdeveloped in conservation biology.
To be fair, this difference in the amount of descriptive study between conservation and behavioral ecology journals probably also reflects a general bias in behavioral ecology journals against publishing descriptive studies. Indeed, only 2 percent of the articles in Behavioral Ecology were descriptive, compared with 22 percent in Ethology and Ethology, Ecology and Evolution, indicating the extent to which individual behavioral ecology journals perpetuate this bias. Nevertheless, a conservation literature that does not advance beyond behavioral description limits the potential for problem solving in conservation. Manipulations of behavior or behavioral outcomes, such as the introduction of conspecific scent to facilitate immigration (Stamps 1988) , are an underused part of the conservation biologist's toolbox. Developing such problem-solving abilities will require that behavioral investigations advance beyond description to an operational understanding of behavioral processes.
The mismatch between behavioral ecology and conservation. The behavioral ecology literature focuses overwhelmingly on understanding behavior by its adaptive value (figure 3). Most of the articles in behavioral ecology that advanced beyond the description of behavior (n = 282) considered questions about a behavior's adaptive value (71.0 percent), while articles about the causative mechanism (4.6 percent), ontogeny (8.2 percent), and phylogeny (2.8 percent) of behavior were much less common. Pluralistic studies, which included multiple approaches, were most often a combination of questions about adaptive value and questions about causative mechanism or ontogeny. These studies represented a minority of the articles that attempted to understand the reason for behavior; the majority (87 percent) presented work in only one of Tinbergen's categories and thus were not pluralistic.
The conservation literature approaches the study of behavior differently from the behavioral ecology literature (figure 3) . Conservation biologists appear to be much more interested in behavioral processes and phylogenies. Of 78 articles in the conservation literature that advanced beyond behavioral description, 17 percent investigated causative mechanisms and 26 percent the ontogeny of behavior. Studies of adaptive value were much less prevalent in the conservation literature (49 percent) than in the primary behavioral ecology literature, despite the growing interest by behavioral ecologists in conservation (figure 1) and the preponderance of studies about adaptive value in the behavioral ecology literature. Behavioral phylogeny was not represented in the conservation literature; however, phylogenetic studies are clearly a significant part of the conservation literature, important for deciding what conservation units to use (e.g., evolutionarily significant units; Crandall et al. 2000) and where to focus conservation effort. Moreover, behavioral phylogeny is increasingly likely to play a significant role in the conservation literature as researchers begin to appreciate the importance of conserving the behavioral phenotype, particularly where the genotype does not provide a fine enough description of a population's conservation value and value to biodiversity (see Buchholz and Clemmons 1997) . It will also be an important consideration where learned and culturally transmitted behaviors that influence survival and reproductive success are responsible for differences in the behavioral phenotype among populations. Thus, the current and potential utility of behavioral phylogeny is probably underrepresented by this survey of the conservation literature.
The causes of the mismatch between behavioral ecology and conservation biology in their approach to behavior can be understood by how the two fields have used the concept of current utility. Current utility is the present role of a behavior, irrespective of its origins. For example, the current utility of predators' stalking behaviors may be to approach prey while reducing the probability of detection. In the behavioral ecology literature, researchers mostly describe a behavior's current utility, how this utility varies among individuals, and whether the variation corresponds to some indication of fitness, such as fecundity or survivorship. In this way, they hope to gain an understanding of how behavior might have evolved and persisted. Thus, behavioral ecologists use the current utility of behavior as a tool for understanding behavioral evolution, working from the assumption that current utility equates with historical function and that selection is the predominant mechanism of adaptation (figure 4a). In the conservation literature, however, the current utility of behavior is the end point rather than the beginning of research. For Forum example, conservation biologists need descriptive and phylogenetic studies to know whether a behavioral phenotype is unique and thus worthy of conservation effort; studies of adaptive value to learn what implications the behavior has for the persistence of a population; and studies of causative mechanism and ontogeny to determine how that behavior might be manipulated to help meet conservation goals. Moreover, because conservation biologists actively intervene to save species (e.g., through translocation and captive breeding), they need studies of behavioral ontogeny and causation to understand how interventions might affect behavioral expression and development. Thus, conservation biology requires a pluralistic perspective on behavioral research, in which concurrent and complementary investigations are undertaken in all of Tinbergen's research categories (figure 4b). Ironically, behavioral study in conservation biology conforms much more closely to Tinbergen's pluralistic research paradigm than it does in modern behavioral ecology.
The interest in adaptive value in behavioral ecology may be balanced by the contrasting interest in causative mechanisms and ontogeny in other behavioral sciences ( figure 3 ). Behavioral science journals demonstrated a stronger interest in causative mechanisms (55 percent) and ontogeny (19 percent) and a lesser interest in adaptive value (7.6 percent; n = 197) than did behavioral ecology journals. Indeed, if the results from the behavioral science journals were combined with those from the behavioral ecology journals, the relative interest in Tinbergen's four categories of questions would more closely resemble the interest of conservation biologists (phylogeny, 2.5 percent; adaptive value, 45.0 percent; ontogeny, 13.0 percent; causative mechanism, 26.0 percent). Such an amalgamation might indicate what a greater integration of behavioral science with behavioral ecology has to offer conservation biology. However, it has not been the comparative psychologists, behavioral endocrinologists and neurologists, or physiologists who have advocated a greater role for behavioral investigation in conservation science. Nor have these scientists been urged to enter the conservation fray (although their contribution might raise many novel outcomes with profound utility). Rather, it is the behavioral ecologists who have entered the field of conservation and promoted behavioral research within that field (e.g., Caro 1998, FestaBianchet and Apollonio 2003) . Other behavioral researchers have already called for a greater integration of behavioral ecology with studies of behavioral processes, if only because it would be in the discipline's self-interest (e.g., Drickamer and Gillie 1998) . The pluralism in conservation biology indicates that a greater interest by behavioral ecologists in ontogeny and causative mechanisms may also be required to better tailor behavioral ecology for its important role in the field of conservation.
The case for pluralism
Whereas behavioral ecologists tend to focus on adaptive value, conservation biologists who study behavior are interested also in the other categories of behavioral questions. The literature in conservation biology reflects a broader approach to behavioral research than the primary behavioral ecology literature. In the early 1960s, Tinbergen advocated more studies about adaptive value (survival value), which he saw as an area requiring greater effort. Unfortunately, the modern behavioral ecology literature has responded to this call by developing a narrow approach that focuses on adaptive value and neglects the causative mechanisms, ontogeny, and phylogeny of behavior. Thus, Stamps's (1991) prediction that interest in behavioral processes would grow and that proximate and ultimate approaches to behavioral problems would become more closely integrated in the 1990s seems not yet to have come true (but see Real 1994) . It is clear that questions about adaptive value make a contribution in conservation biology. Nevertheless, it is perhaps equally true that, given the interest by conservation biologists in behavioral ontogeny and causation, behavioral ecology could contribute more by addressing those types of questions as well.
Calls for the greater integration of behavioral processes with behavioral ecology necessarily also call for the integration of captive and field studies. The conservation biology literature is more diverse than the behavioral ecology literature largely because of the contribution of captive studies (e.g., Zoo Biology). Studies in behavioral science journals, where causative mechanism and ontogeny predominate, are also largely . Differences in the approaches of behavioral ecology and conservation biology to behavioral research center on the two fields' different use of the concept of "current utility." (a) Behavioral ecologists use current utility as a tool for investigating the evolution of behavior through adaptation. This approach assumes that a behavior's current utility is consistent with its historical evolutionary function and origins. (b) Conservation biologists investigate the causative mechanisms, ontogeny, adaptive value, and phylogeny of behavior to understand its current utility so that population or species monitoring and management programs can be designed appropriately. Knowing, measuring, and manipulating a behavior's current utility has been the objective and end point of conservation studies but the beginning of studies in behavioral ecology.
conducted in laboratory and captive settings. Behavioral ecology research, by contrast, is more often conducted in the field. Thus, the differences between the disciplines probably also reflect the relative ease with which experimental manipulations of environmental and internal body conditions can be conducted in captive and laboratory settings, with more limited opportunities for such manipulations in the field. Nevertheless, some studies in behavioral ecology have managed to transcend these limitations, and new technologies are making more manipulations possible in the field (e.g., Sinervo et al. 2000) . In the immediate future, researchers can expect to find an ongoing disparity between the relative opportunities offered by captive research and by field research for experimental manipulation and investigation of behavioral processes. This does not, however, prevent behavioral ecologists from becoming involved in collaborative studies or from conducting their own complementary captive studies. The integration of behavioral processes with behavioral ecology need not be prevented by a concomitant separation between field and laboratory contexts or expertise.
Behavioral ecologists who consider the implications of their work for conservation can be placed in two categories: (1) those whose primary focus is conservation biology, and who study behavior as part of a larger research program that includes other aspects of animal biology; and (2) those whose primary focus is animal behavior but who also apply their work to a conservation problem. Researchers in the first category tend to limit themselves to descriptive studies; those in the second tend to focus narrowly on questions of adaptive value. My comparison of behavioral research in the literature on conservation and on behavioral ecology suggests that if behavioral ecologists want to contribute more to conservation, they should adopt a broader perspective in their approach to the study of behavior. Caro (1998) suggested that behavioral ecologists need to appreciate the importance of presenting descriptive baseline demographic data (and, I would add, behavioral data). He also suggested that they reduce the time that behavioral studies take, choose populations and species that already face conservation problems, focus on the demographic implications of behavior, and incorporate studies of human disturbance and exploitation behavior. These are important considerations. However, even if Caro's suggestions were implemented, the current singular focus on studies of adaptive value would still have limited utility in conservation biology. A more effective approach would also include studies that investigate questions about behavioral phylogeny, development (ontogeny), and causative mechanisms. So long as behavioral ecologists focus largely on questions about adaptive value, the utility of their work in conservation biology and practice will be relatively constrained, because conservation biology is pluralistic in its requirements of behavioral research. If behavioral ecologists want to contribute to solving conservation problems and to compete better for conservation funds, then they should consider broadening their research agenda and adopting a more pluralistic approach.
In reaching this conclusion, I have assumed that the more diverse approach to behavioral research observed in conservation biology is better suited to conservation research needs than is the current narrow approach in behavioral ecology. It is a transparent and reasonable constraint, in a literature survey such as this, to assume that the primary conservation biology literature is a representative sample of genuine attempts by biologists to address conservation needs using research. Nevertheless, an alternative explanation for the pattern described is that behavioral research in conservation is underdeveloped, not because behavioral ecology has a narrow focus, but because conservation biology has been slow to adopt modern advances in behavioral ecology. Given the current focus on adaptive value in behavioral ecology, this latter explanation must assume two things to be true: (1) Investigations of behaviors' adaptive value have greater utility in conservation biology than does a pluralistic approach, and (2) a focus on questions about adaptive value is the best way to advance understanding in behavioral ecology. I will treat each of these possibilities in turn.
First, do investigations of the adaptive value of behavior have greater utility in conservation than a pluralistic approach? To examine this possibility, I use the example of habitat fragmentation, a ubiquitous conservation problem and a major theme in conservation biology. In table 1, I show how behavioral research that is structured around questions in each of Tinbergen's categories can be applied to this conservation problem. This example illustrates how a combination of question types (i.e., pluralism) provides complementary knowledge from different sources that can usefully be applied toward the same goal. If conservation behaviorists were to neglect any category of questions in favor of others, they would limit opportunities for broad behavioral understanding and, in turn, their ability to draw from the pool of possible alternative solutions to conservation problems.
If a criticism about the limited application of behavioral research can be leveled at conservation biology, it is that the field has been slow to advance from the initial descriptive phase to investigating questions in Tinbergen's categories and thus to understanding the causes of behavior. For example, using the Biological Abstracts database (7000 serials from 1980 to 2001) and the keyword search terms habitat, fragment, and behavior (or behaviour), I generated a sample of the titles and abstracts of 33 articles about habitat fragmentation that mention animal behavior. Of these articles, the majority (29) solely described behavior, and particularly the impact of habitat fragmentation on behavior. Only four could be classified as asking questions about the reasons for behavior, although such questions have profound utility in conservation practice (table 1) . Indeed, in all types of journals, the overwhelming majority of behavioral studies were habitat-use and resource-selection studies that were purely descriptive of behavior (or the results of behavior), rather than investigations of the ultimate or proximate mechanisms that result in those patterns of use and selection. Thus, the application of behavioral research to some conservation problems tends to Forum end prematurely after behavioral description. Conservation biology could benefit by adopting a problem-solving approach in behavioral research that is structured around Tinbergen's four categories of questions. Nevertheless, the pluralistic approach that is generally applied to behavior in conservation biology (figure 3) provides the necessary foundation to making this next important advance, and I am encouraged by recent interest in how animals perceive habitat boundaries and in the ontogeny of their communication systems in modified habitat (e.g., Rabin and Greene 2002) .
This brings me to the second question: Is a focus on questions about adaptive value the best way to advance understanding in behavioral ecology? Many researchers in behavioral ecology regard their field in terms of the study of evolutionary questions, particularly behavioral adaptation by Darwinian selection, and will balk at the suggestion that they might study anything other than adaptive value. However, behaviors are not independent of other phenotypes, behavioral or otherwise. The form and function of a behavior may vary more as a consequence of its relationship with other phenotypes than because of selection per se. In this context, simple correlations between fitness and behavior are naïve and may be misleading. The role and relative importance of direct selection will vary among behaviors (and vary in time and space for any single behavior); not all behaviors will be, or have been, subject to selection, even if they appear to have utility; and a behavior's current utility may not correspond with its function in the past, present, or future. Understanding behavioral evolution will increasingly depend on identifying the relationships between phenotypes in time and space (phylogeny) and determining how those relationships are, or have been, mediated by causative and developmental mechanisms. The role of the phylogenetic, developmental, physiological, and genetic contingencies, constraints, tradeoffs, and costs of adaptation by selection are now being widely discussed and investigated (e.g., in behavior; Arnold 1994) . However, this survey shows that the leading behavioral ecology literature has been slow to adopt these conceptual advances, which necessarily involve complementary investigations within all of Tinbergen's question types. Many authors have demonstrated both the need and the opportunities for greater pluralism in behavioral ecology (e.g., Real 1994) , mirroring the calls in the larger field of biological science for an appreciation of phenotypic origins, persistence, and change that transcend simple adaptive explanations or explanations of adaptation by selection alone (e.g., Dover 2001 Can the physiology be manipulated to change the animal's behavior at boundaries?
What are the sensory processes used by the animal to identify a habitat boundary?
Can those sensory processes be manipulated to modify the animal's perception of boundaries?
Ontogeny (development) What is the developmental or learning history of the animal's behavioral response to boundaries?
Can manipulations of an animal's experience or behavioral development (i.e., training) be used to modify the animal's behavior at boundaries? Do subsequent generations learn the behavioral training from the trained population?
Adaptive (survival) value How do boundaries modify the animal's fecundity or survival (i.e., fitness)?
What are the relationships among individual fitness, life-history strategy, and the population's demographic structure?
Where, with respect to the animal's life history and population demography, should conservation effort be targeted to achieve the best conservation value (i.e., fecundity and survival maximization)?
What are the fitness outcomes of manipulations of causative mechanisms or development to meet conservation goals?
Evolution (phylogeny) Are some taxa more susceptible to habitat fragmentation than others, and, if so, what shared characters do they have?
Are some taxa more amenable to behavioral manipulation (e.g., plasticity) and conservation management, and, if so, what are the shared characters that make them so?
Can these characters and phylogenetic contrasts be used to generate rules of thumb for appropriately structuring behavioral intervention and investing conservation effort among taxa?
Note: Behavioral research structured around all of Tinbergen's categories of questions has broader utility in conservation. Habitat fragmentation is a major theme in conservation biology, and it is used here to construct an example of pluralism in behavioral research for conservation. Habitat fragmentation creates habitat boundaries that modify rates of population mixing, recruitment, and survival, thus affecting population abundance and community diversity. Behavioral researchers could contribute by investigating ways of encouraging animals to avoid or cross boundaries. Forum about behaviors' adaptive value. Thus, even without a desire to contribute to conservation, there are sound reasons why researchers of behavioral ecology might wish to broaden their perspectives and their approach to research.
Advancing the contribution of behavioral ecology to conservation entails more than just encouraging behavioral ecologists to become involved and conservation biologists to conduct more behavioral research. It also requires that behavioral ecologists identify what the field of conservation needs from them, not only in terms of choosing which topics, populations, species, or habitats to study but in terms of tailoring the types of questions they ask to the problem at hand. Moreover, behavioral ecologists are best placed to take the lead in advancing behavioral study in conservation beyond simple behavioral description into problem solving. New understanding and manipulation of behavioral mechanisms, development, and evolution may provide novel solutions to conservation problems. Pluralism in behavioral ecology, which makes it possible to integrate research on behavioral processes with research on evolutionary outcomes, is the key to improving behavioral ecology's contributions to conservation and helping the field of conservation ecology advance its growing interest in behavioral research to the stage that makes behavioral problem solving possible. Arcese and colleagues (1997) convincingly argued that behaviorists should be hired for conservation teams. I add that, if those behavioral ecologists who are interested in contributing to conservation were to broaden their perspective and approach and were to conduct pluralistic studies, they would not only find their work more useful to the field of conservation but also produce better works about behavior, because, even within behavioral ecology, adaptive value explains only a part of the living world.
